Ecological rainwater management methods in urban areas can contribute to: 1) reduction of total rain water runoff and of its peak, 2) storage of rainwater, in order to cover low quality water demand, such as park irrigation, 3) local aquifer replenishment, 4) reduction of property damage and activity disruption, which is due to insufficient sewer networks, 5) improvement of rain runoff quality through pollutant retention, filtration, decomposition, plant uptake, etc. 6) mitigation of pollution of runoff receiving water bodies and 7) upgrading of urban and suburban landscape. In this paper emphasis is placed on rain gardens. Their main features are outlined, criteria for selection of construction sites (such as rain water collection efficiency, landscape improvement and cost) are discussed and certain suitable public or municipal sites in the city of Corinth, Greece, are briefly described. Examples include a degraded street area, a traffic island, a school area, preexisting flower beds, a suburban railway station and abandoned railway tracks.
Introduction
Urbanization is a global trend with adverse effects on water resources, including:
Increase in surface runoff, resulting in higher flood risk, in particular for lower altitude areas and underground constructions. Reduction of aquifer replenishment. Degradation of the quality of water bodies that receive surface rain run-off, due to the pollution load picked by rainwater run-off.
These effects are due mainly to the dramatic increase of impervious ground surface, but also to trespassing of stream areas and to appearance of additional pollution sources. Urbanization affects water resources indirectly, too, since it aggravates urban thermal island phenomena.To mitigate the aforementioned adverse effects, ecological rain water management techniques can be used. The most prominent among them is construction of rain gardens.
Brief description of rain gardens
Rain gardens may look like common gardens, but they have some specific features that favor increase of rain runoff infiltration and temporary storage to underlying soil layers. In this way, they contribute to reduction both of total run-off and of its peak. A typical rain garden consists of the following parts (e.g. Auckland Council, 2014 Ponding area: It is a natural or artificial ground depression. In rather flat areas it is constructed by excavating soil from the ground surface. In sloping ground it is formed by soil excavation combined with building of an earth berm at the downslope side, using excavation material. Surfaces with large slope are not that suitable for rain garden construction. Ponding area bottom is usually covered by a mulch layer, before adding the top soil layer. A gravel layer could also be constructed on its bottom, if water infiltration rate in the underlying strata is not adequate. A perforated under-drain pipe could be used for the same reason. Inflow structure that directs rainwater from downspouts or surrounding impermeable areas (streets, sidewalks) to the ponding area. Overflow structure that allows water to exit the rain garden when the ponding are is full. This structure is necessary in order to reduce erosion risk and to direct outflowing water towards the desired place (usually the sewer network).
In rain gardens plants that can tolerate periodic inundation are used. Native plants are in most cases the best choice, since they are adapted to local environmental conditions and require less care. Besides their contribution to landscape upgrading, plants enhance rain garden function in two ways: a) by retaining water quantities and b) by retaining certain pollutants.
Run-off quality improvement is the second important rain garden asset. It is achieved in the following ways:
Adsorption, namely retention of pollutants by soil grains, due to ion exchange. Filtration Plant uptake. Biological decomposition of nitrates and organic substances, due to the presence of suitable aerobic and anaerobic microorganisms. Dissolution of certain soil ingredients, due to the presence of pollutants. Oxidation or reduction of pollutants. Sedimentation.
Restrictions in rain garden construction
Rain gardens can be constructed in many kinds of sites, such as pre-existing green spaces, stream zones, squares, parking spaces, house yards, open spaces of building blocks, school and church yards, along streets, etc. Nevertheless, observance of the following restricting rules is necessary:
Rain garden distances from adjacent buildings should be large enough (distances larger than 3 m are usually recommended), to avoid water infiltration to underground structures. Moreover, soil slopes should direct water away from these buildings, for the same reason.
Utility networks should not be affected. Rain garden construction over septic tanks should be avoided. The underlying aquifer should be low enough to allow draining of rain water. Adequate insolation should be available for rain garden plants. It follows that restrictions are more severe in densely built areas (e.g. InGreenCi project, 2013. Guide for integrated rain water management., Katsifarakis K.L., 2013. Guide for integrated rain water management. Final Report, Aristotle University of Thessaloniki, (in Greek).). This paper deals with preliminary selection of rain garden sites in Corinth, Greece, namely in a densely built urban area.
Selection of sites for rain garden construction in the city of Corinth
Ancient Corinth was an important city-state of ancient Greece. Corinth controlled the important location of Isthmos and was the most important commercial center of the area, until it was surpassed by Athens. Modern Corinth constitutes a continuation of ancient Corinth. In 1858 AD, the old city of Corinth, which is now known as Ancient Corinth, was destroyed by an earthquake, which led to the erection of modern Corinth southeast of the Lechaio old port, along the coast of Corinthian Gulf. The modern city, as it was built in the mid-19th century, has an excellent street plan, with streets intersecting at right angles, that all lead to the sea. Furthermore, the stream Xirias is flowing through the city.
In the past, the city of Corinth has suffered from the erroneous management of rainwaters. On 17 January 1997, for instance, a catastrophic flood occurred. The stream Xirias overflowed and as a result, a large number of house basements were flooded and cars were drifted along towards the sea. Rain precipitation went past 200 mm in 11 hours. Consequently, it becomes apparent how delicate the issue of rainwater management is for a city like Corinth. Since then, the rain water sewer system has been improved and some additional works have been constructed, aiming at reducing flood risk. The situation can be further improved by application of ecological rainwater management techniques.
To select the most suitable rain garden sites, we have taken into account the following: As mentioned above, Xirias stream, flowing through the city of Corinth, is a main source of flood risk. Some of its sections have been cased beneath ground level, while in other sections, small reinforced concrete levees have been constructed along the banks. Along a number of sections, though, no flood preventive measures have been taken. Moreover, rainwater from surrounding areas is carried untreated to the stream through a number of pipes. Reduction of peak runoff of these pipes has been considered as an important rain garden site selection goal. Specific locations of rain gardens along the stream have been selected based on the following criteria: a) rain garden efficiency, b) upgrading of degraded sites and c) minimization of additional cost (e.g. asphalt pavement removal).
The 3 aforementioned criteria have been used for rain garden site selection in other parts of the city. Close to the sea coast an additional criterion, namely elevation difference from the sea level has been taken into account. If this difference was smaller than 2.5 m, the site was rejected.
In Papafotiou E., Katsifarakis K.L., 2014. Ecological rainwater management in the city of Corinth, Greece. (in Greek) 13 sites have been proposed for rain garden construction. Six of these sites are presented in this paper. One more site, which was considered and rejected, is discussed, along with the reasons for its rejection.
Ionia Street at Neapolis Community.
The Ionia Street is found in Neapolis Community, towards the south of Corinth. Some parts of it need upgrading. Construction of rain gardens at these sections is a good choice, since the street has suitable width and slope. Moreover, rain water is ponding in many places, even during medium rain events. The problems that arise are shown in Figure 1 , taken hours after the end of the rain.
Yard of the 4th High School
The Fourth High School of Corinth is located at the community of St. George, namely at the junction of Dimokritos and Ypatias streets. Dimokritos street has sufficient slope that allows diversion of rainwaters to a rain garden that could be constructed on the school's pavement. Three little parks exist on the other side of the road that satisfy the criteria and could be transformed into rain gardens, too. With the construction of these rain gardens, rain water runoff along the St. George Street towards the center of the city will be reduced. Moreover, construction and maintenance of these rain gardens can be implemented as an educational school project. The proposed site along the school yard is shown in Figure 2 . 
Traffic Island of G. Papandreou Street
The traffic island along G. Papandreou Street seems suitable for rain garden construction. It has a total width of 5 meters, and is currently a flower bed. The street intersects the Xirias stream, and at this location in particular, transformation of the traffic island into a rain garden will have as an immediate result the reduction of runoff towards the river. The proposed site is shown in Figure 3 . 
Corinth Court
The court is located at the center of Corinth, and is surrounded by Koliatsou, Ethnikis Antistaseos, Kolokotroni, and Kyprou streets. A large number of flower beds that could be transformed into rain gardens, surrounds the building. These rain gardens are expected to accommodate runoff from adjacent impermeable areas, thus mitigating flood problems in the surrounding main streets. It is expected that local residents and shop owners will gladly support this plan. The court area is shown in Figure 4 .
Corinth Suburban Railway Station
The suburban railway station is located at the south exit of the city. In its current form, the station has a number of flower beds that can be transformed into rain gardens, to which runoff from station docks can be easily diverted, due to the elevation difference. Furthermore, the Athens-Corinth highway is located close to the proposed area (150 m), so, with appropriate design of inflow structures, the rain gardens can receive rainwater from the highway, too. The proposed area is shown in Figure 5 . 
Old tracks of national railway
The old tracks of the Railway Organization of Greece (OSE) cross the city of Corinth and end up at the old railway station. This network has been abandoned since 2006, when the suburban railway tracks were complete. Furthermore, no plans exist for future usage of these tracks, whose length inside the city is close to 5 Km.
Several sections along the tracks are suitable for rain garden construction, which will also contribute to the aesthetic improvement of the surrounding areas. The difference in elevation along the south sections of the tracks facilitates rainwater diversion to these gardens. A proposed area is shown in Figure 6 . 
Ethnikis Anexartisias Street (Rejected site)
The beach front section of Ethnikis Anexartisias street is still under construction. Parallel to the street a bicycle route has been constructed, and plenty of space exists that would be available for rain gardens. Moreover, rainwater is ponding for several days, while the cost of rain garden construction before the completion of the other works would be very low. Finally, rain gardens would fit to the general ecological planning of the street (e.g. use of light lamps fed by solar cells). Nevertheless, the idea has been rejected due to very small elevation difference between ground level and the adjacent sea.
Discussion and conclusions
Construction of rain gardens can improve rain water management and diminish flood damage in the city of Corinth. Some sites, which are very suitable for rain garden construction, are presented in this paper. These sites are owned either by the municipality of Corinth or by public organizations. The city as a whole will benefit from flood damage reduction and from reduction of sewer network maintenance costs. But rain gardens can be constructed in privately owned sites, too. While private funding seems difficult in a period of financial crisis, it could be promoted by financial incentives, proper education and dissemination of the advantages of ecological rain water management techniques. After all rain garden construction contributes to aesthetic upgrading, too, which might be translated into an increase of adjacent property value.
